To clarify whether the depth of ulceration evaluated by endoscopic ultrasonography (EUS) influences a modified dual therapy with amoxicillin and lansoprazole for the treatment of Helicobacter pylori-positive patients with gastric ulcer. PATIENTS AND METHODS: Twenty-two consecutive cases of gastric ulcer (nine superficial ulcers and 13 deep ulcers) in H pylori-positive patients were studied. Ten of 22 patients received a two-week eradication therapy with amoxicillin 1500 mg/day, lansoprazole 30 mg/day and a new antiulcer agent with features in common with sucralfate, ecabet sodium, 2.0 g/day. They continued to receive the same doses of lansoprazole and ecabet sodium for the next six weeks. The other 12 patients received the same therapy except for those who underwent the four-week amoxicillin treatment. All patients underwent EUS both at the start of the study and eight weeks later. They then received ecabet sodium alone for the next six months as a maintenance therapy, followed by a six-month interval with no treatment. The final endoscopy was done one year after H pylori eradication therapy was completed to evaluate H pylori status and ulcer recurrence. RESULTS: The rates of endoscopic healing and H pylori eradication in the nine patients with superficial ulcer were 100%, irrespective of the period of amoxicillin treatment. In contrast, the rates of endoscopic evidence of healing and H pylori eradication in the 13 patients with deep ulcer were different for each period of amoxicillin treatment; that is, the rates of reduction in ulcer determined by echo and H pylori eradication in the four patients treated with the two-week amoxicillin course were significantly lower (P=0.03) than those in the nine patients treated with the fourweek course. CONCLUSION: Ulcer depth is likely to influence the success of amoxicillin treatment for H pylori-positive patients with gastric ulcer.
I
n 1993, Labenz et al (1) first reported that a two-week course of therapy with amoxicillin and omeprazole was the most effective schedule for the eradication of Helicobacter pylori in patients with ulcer disease. Since then, most of the dual therapies including amoxicillin have been tried with the same treatment schedule; that is, amoxicillin was always administered for two weeks and never for longer than two weeks. Chiba et al (2) reported that eradication rates for dual therapy with amoxicillin and proton pump inhibitors were not more than 70%. In 1998, Tanimura et al (3) reported that the eradication rates of H pylori in patients with peptic ulcers increased proportionally with the length of amoxicillin treatment (two, four and six weeks), while the healing rates did not change. Therefore, it is worth reconsidering whether the two-week treatment is actually the best schedule for dual therapy with amoxicillin, although the reason for the unexpected increase in eradication rates of peptic ulcers after amoxicillin treatment was prolonged to four or six weeks is poorly understood.
In clinical practice, endoscopy or barium meal x-ray study is used to evaluate the nature of peptic ulcer diseases. Niwa et al (4, 5) were the first to demonstrate the utility of endoscopic ultrasonography (EUS) for evaluating the depth of ulceration. They used this new imaging modality to evaluate the healing of gastric ulcer and demonstrated that omeprazole offered advantages over cimetidine in the treatment of gastric ulcer (4). Namely, it was clarified that the ulcer floor had shrunk greatly, with endoscopic regression of the ulcer crater with the use of omeprazole. An advantage of lansoprazole over famotidine in gastric ulcer treatment has been shown in the same manner (6) . It is thus possible to evaluate gastric ulcer healing from the depth of ulceration by using EUS, which provides cross-sectional images of the ulcer, coupled with endoscopic observations of the ulcer surface.
Previous studies using endoscopy failed to demonstrate a relation between the depth of gastric ulceration and the success of H pylori eradication in H pylori-positive patients with gastric ulcer (7) (8) (9) (10) (11) (12) . Consequently, it is not clear whether the depth of ulcer affects the eradication of H pylori during therapy for H pylori-positive patients with gastric ulcer (13) . In the present study, we addressed this problem by using EUS. We then considered whether two weeks of amoxicillin treatment was the best schedule for dual therapy with amoxicillin.
PATIENTS AND METHODS

Patients:
The study population comprised 22 patients treated consecutively in whom gastric endoscopy and biopsy revealed H pylori-associated gastric ulcer at the outpatient clinic of Internal Medicine and Medical Oncology, Kanazawa University Cancer Research Institute Hospital, Kanazawa, Japan, between September 1994 and April 1998. There were 18 men and four women, and the mean age of the study population was 54.5 years (range 36 to 70 years). Patients were excluded if they used acetylsalicylic acid or other nonsteroidal anti-inflammatory drugs (NSAID), or if gastric biopsy from the ulcer revealed malignancy. The institutional review board of the Kanazawa University Cancer Research Institute approved the study, and all patients gave their written informed consent. Methods: All 22 patients with H pylori-associated gastric ulcer underwent a modified triple therapy with amoxicillin, lansoprazole and ecabet sodium for two or four weeks. Ecabet sodium is a new, locally acting antiulcer agent with features in common with sucralfate (14, 15) . Ten patients entered between September 1994 and May 1996 received a two-week eradication therapy with amoxicillin 1500 mg/day, lansoprazole 30 mg/day and ecabet sodium 2.0 g/day. After completing this therapy, the patients stopped taking amoxicillin but continued to receive the same doses of lansoprazole and ecabet sodium for the next six weeks. During the initial study performed between September 1994 and May 1996, two-week amoxicillin treatment was found to be inadequate for the patients with deep gastric ulcer. Thus, the protocol was changed to a four-week amoxicillin treatment in the next 12 patients entered between June 1996 and April 1998. They received the same doses of lansoprazole and ecabet sodium during a four-week eradication therapy with amoxicillin 1500 mg/day. After receiving this therapy, they also stopped taking amoxicillin and continued to receive the same doses of lansoprazole and ecabet sodium for the next four weeks. Consequently, an eight-week drug therapy was given in both groups as an initial treatment for H pyloriassociated gastric ulcer. All patients were sequentially followed for six months, during which time ecabet sodium 2.0 g/day was continued as a maintenance therapy. To confirm ulcer recurrence and the absence of H pylori, the patients who healed at the end of the initial treatment underwent routine gastrointestinal endoscopy after a second six-month follow-up period without medications.
EUS was performed at the start of treatment and again eight weeks later. A GF-UM200 EUS (Olympus Co Ltd, Japan) was used to evaluate the depth of ulcer as well as endoscopic healing. The maximal sections of ulcerative lesions were imaged after pouring 400 to 800 mL of deaerated water into the gastric lumen (Figure 1) . By using EUS, both sectional and endoscopic images of gastric ulcer were obtained at one endoscopic examination, and thereby the treatment effects of each therapy were evaluated in detail. The depth of ulcer was classified into three grades: Ul-II, which involves the submucosal layer; Ul-III, which involves the proper muscle layer; and Ul-IV, which penetrates the proper muscle layer and involves the serosa (4). Grades Ul-II and Ul-III were combined to include superficial ulcer, because Ul-III ulcer has proved to have a similar quality to Ul-II ulcer and is clearly different from Ul-IV ulcer. The maximum length of the ulcer-derived low echoic zone was measured, and the rate of reduction in these 'ulcer echoes' was calculated as described by Niwa et al (4,5) and Okai et al (6) (Figure 1 ). On gastric biopsy, if the ulcer proved to be nonmalignant, a set of three biopsy specimens was collected from two different sites -the greater curvatures at the antrum and the upper body of the stomach. Using these specimens, rapid urease test (CLO test, Delta West Pty Ltd, Australia), culture test on Skirrow's medium and histological examination under a microscope after Giemsa, and hematoxylin and eosin staining were performed. When positive findings were detected in culture and by any other test, H pylori infection was diagnosed. Eradication was defined as no evidence of ongoing H pylori infection by all the tests.
Fisher's exact test and nonpaired t test were used to compare values in subgroups of patients. The Bonferroni correction for multiple comparisons was applied to all probability values reported. P<0.05 was considered significant. Table 1 shows the rates of endoscopic healing eight weeks after the start of treatment in each group. The rate of healing in the patients with superficial ulcer (Ul-II or Ul-III) was 100%, irrespective of the period of amoxicillin treatment. On the other hand, the rate in the patients with deep ulcer (Ul-IV) was significantly lower if the treatment period with amoxicillin was limited to two weeks (P=0.03), although it was improved when the period was extended to four weeks. Endosonographic assessment of ulcer healing eight weeks after the start of treatment: Table 2 shows the rates of reduction in ulcer echoes eight weeks after the start of treatment in each group. The rates of reduction were higher in the patients with superficial ulcer (Ul-II or Ul-III) than in those with deep ulcer (Ul-IV). The difference was significant when amoxicillin was administered for two weeks (P=0.02). However, even in patients with deep ulcer, the rates of reduction in ulcer echoes were significantly higher if the period of amoxicillin administration was changed to four weeks (P=0.03). Eradication rate of H pylori six months after the cessation of ecabet sodium treatment: Table 3 shows the rate of H pylori eradication six months after the cessation of ecabet sodium. The eradication rates accurately corresponded to the rates of endoscopic healing. The rate of H pylori eradication in the patients with superficial ulcer (Ul-II or Ul-III) was 100%, irrespective of the period of amoxicillin treatment. On the other hand, the H pylori eradication rate in the patients with deep ulcer (Ul-IV) was significantly lower if amoxicillin treatment was limited to two weeks (P=0.03), although it was improved when treatment was extended to four weeks. Recurrence rate six months after the cessation of ecabet sodium treatment: To confirm ulcer recurrence, the 17 patients whose ulcers had healed at the end of the initial treatment underwent routine gastrointestinal endoscopy during ecabet sodium treatment and six months after ecabet sodium treatment. Only one patient's superficial ulcer recurred during the follow-up. This recurrence was discovered by chance at the initial follow-up. The patient had been receiving a NSAID for severe lumbago since finishing the initial eightweek treatment. He had no abdominal complaints. He discontinued the NSAID treatment and underwent famotidine treatment. A repeat endoscopy was performed after one month, and the ulcer proved to have healed. His H pylori status remained negative until the final follow-up. Consequently, if this patient were excluded, the rates of ulcer recurrence during the follow-up period would be 0%, irrespective of the ulcer depth and the period of amoxicillin treatment. Clinical symptoms and adverse effects: Epigastric pain disappeared within two weeks of treatment in most patients. No patient experienced any side effects such as diarrhea, watery stool or exanthema. Furthermore, no abnormalities were found in laboratory findings. Thus, there were no differences in effects and adverse effects related to treatment.
RESULTS
Endoscopic healing eight weeks after the start of treatment:
DISCUSSION
In the present study, EUS was used to evaluate whether the depth of ulcer affects the eradication of H pylori in a therapy for H pylori-associated gastric ulcer. The depth of ulcer was shown to affect the eradication of H pylori; that is, the rates of H pylori eradication as well as of endoscopic healing in the patients with deep gastric ulcer were low, while the rates were 100% in those with superficial ulcer. These results suggest that ulcer depth is an important factor influencing both endoscopic healing and H pylori eradication. Furthermore, in this study, the rates of both endoscopic healing and H pylori eradication were improved by increasing the length of amoxicillin treatment to four weeks, even if the patients had a deep ulcer. This finding suggests that the duration of amoxicillin treatment should be adjusted in proportion to the depth of the ulcer. Accordingly, this finding may be the key to answering the question of why eradication rates increase unexpectedly after the period of amoxicillin treatment is prolonged, as was shown in a recent clinical study (3). Kamada et al (16) and Sato et al (17) disclosed that gastric mucosal blood flow at an active phase of chronic gastric ulcer was reduced in most regions of the stomach. They demonstrated that the blood flow returned to normal during healing, although it was disproportionately higher around the gastric ulcer than in the surrounding mucosa. Furthermore, they clarified that the mucosal blood flow was not increased at the healing stage in intractable ulcers that did not heal after three months of therapy with H 2 -receptor antagonists (16) . Consequently, it may be assumed that the mucosal blood flow in patients with deep ulcers, which heal slowly (13) , is likely to be lower than that in patients with a superficial ulcer, during the course of healing as well as at onset. Using an H pylori-infected mouse model of acetic acid-induced ulcer, Konturek et al (18) showed that the rise in gastric blood flow both at the ulcer crater and at the ulcer margin was significantly slowed on inoculation of a virulent H pylori strain, resulting in a delay in ulcer healing. Therefore, it is possible that the status of H pylori at the gastric mucosa also affects the increase of gastric mucosal blood flow during treatment. As for drug delivery, on the other hand, Goddard et al (19) reported that the flux of amoxicillin from the blood to the gastric lumen is lower than that of metronidazole because the serum protein binds to amoxicillin more tightly. Therefore, under conditions of reduced gastric mucosal blood flow, such as with deep ulceration or positive H pylori infection, amoxicillin should be administered for as long as possible to obtain and maintain susceptible antibiotic concentrations in the gastric mucosa. These data concerning gastric blood flow, H pylori status and transmucosal flux of antibiotics help to explain why it took as long as four weeks to treat the patients with deep gastric ulcer in the present study.
In the present study, ecabet sodium, a new locally acting antiulcer agent with antipeptic activity, gastroprotective effects (14, 15) , and antiurease action of H pylori in vitro (20) , was administered via dual therapy with lansoprazole and amoxicillin to promote healing and H pylori eradication (21) . However, given the present study design, the therapeutic effect of ecabet sodium itself could not be assessed. Because a randomized, controlled study (21) showed that significantly higher rates of H pylori eradication were attained with minimal side effects of diarrhea by the addition of ecabet sodium to usual dual therapy with lansoprazole plus amoxicillin (21) , further studies with a large number of patients are warranted. The number of patients enrolled in this study is too small to determine the true clinical significance of this new combined therapy with three agents.
CONCLUSIONS
Ulcer depth is likely to influence a modified therapy with amoxicillin and lansoprazole for the treatment of H pyloriassociated gastric ulcer. When using amoxicillin, which has not been reported to cause resistance and is cost effective (22) , the administration period should be adjusted according to the depth of the ulcer.
